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Previous findings indicate that the protein c-KIT and
its ligand, stem cell factor (SCF) play a crucial role in
the development of melanocytes from their precursors
in the embryonic neural crest cells. Using a monoclonal
anti-c-KIT antibody, ACK2, which is an antagonistic
blocker of c-KIT function, we and others demon-
strated that mouse melanocytes disappeared with the
injection of ACK2 during certain periods of embryonic
and postnatal life. The precise mechanisms of this
disappearance, however, remain unclear. Because
melanocytes disappeared without any inflammation in
these in vivo studies, we suspect that apoptosis was a
main cause of their disappearance. In this study, to
clarify the underlying mechanism, we studied whether
ACK2 induces apoptosis in c-KIT-positive melano-
blasts, which appear in mouse neural crest cells cul-
tured with SCF from 9.5 d old mouse embryos. With
The proto-oncogene c-kit is a gene encoding a tyrosinekinase receptor and has been mapped to the dominantwhite spotting (W) locus (Chabot et al, 1988). Stemcell factor (SCF) is the ligand for c-KIT (c-kit protein),and has been mapped to the Steel (Sl) locus (Zsebo
et al, 1990). SCF has also been called mast cell growth factor
(MGF) (Williams et al, 1990) and kit ligand (KL) (Huang et al,
1990). According to previous phenotype analyses of W and Sl
mice, it is clear that c-KIT and SCF play a crucial role in the
development of hematopoietic cells, germ cells, mast cells, and
melanocytes (Grabbe et al, 1994).
In mouse embryos, melanoblasts, the precursors of skin melano-
cytes, originate from the neural crest cells (NCC) of the neural
tube and migrate lateroventrally to the dermis, where they invade
the epidermis between days 11 and 12 of gestation (Rawles, 1947;
Mayer, 1973).
In an in vivo study, Nishikawa et al (1991) used a rat anti-murine
c-KIT monoclonal antibody (ACK2) (Ogawa et al, 1991), an
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an in situ apoptosis detection kit, a significant increase
in apoptosis was detected after the removal of SCF,
which further increased with the addition of ACK2
during SCF-dependent periods. The occurrence of
apoptosis in the cultured cells was also demonstrated
by a DNA analysis and electron microscopy. Immuno-
histochemical double staining confirmed that the
apoptotic cells were c-KIT positive, and the electron
microscopy showed that these apoptotic cells were
melanocyte precursors. It was therefore demonstrated
that apoptosis was induced in the SCF-dependent
c-KIT-positive melanocytes in vitro when the SCF/
c-KIT interaction was obstructed. These findings
elucidate the mechanism of the regulation of melano-
cyte development, and the survival and proliferation
of these precursor cells, by SCF/c-KIT interaction.
Key words: c-KIT receptor/melanoblast/neural crest cell/
premelanosome. J Invest Dermatol 112:796–801, 1999
antagonistic blocker of c-KIT function, to disrupt melanocyte
development during embryonic life. Their results demonstrated
that c-KIT is required during a restricted period when melanocyte
precursors invade the epidermis from the dermis, and that ACK2
injections during this period altered the coat color of black mice
to white. In an in vitro study, Murphy et al (1992) cultured NCC
and showed that SCF is a survival factor. These in vivo and in vitro
findings show that melanocyte precursors transiently require SCF/
c-KIT interaction and that they disappear without the interaction.
The precise mechanisms underlying the melanocyte disappearance,
however, remain unknown.
Apoptosis is a distinctive form of cell death that can result in the
deletion of specific cell populations during physiologic processes
such as embryonal development and the clonal selection of lympho-
cytes (Kerr et al, 1972; Wyllie et al, 1980; Williams, 1991; Cohen,
1993). Unlike necrosis, apoptosis occurs without inflammation
(Kerr et al, 1972; Raskin, 1997). Okura et al (1995) reported that
an ACK2 injection after birth caused the normally black coat mice
to change to various grades of white, and suggested that melanocytes
in newborn mice are c-KIT-dependent and undergo apoptosis
when c-KIT receptors are blocked by ACK2 in the early days after
birth; however, those authors showed apoptosis only by electron
microscopic examinations.
Huang et al (1996) reported that SCF had the opposite effect
and induced apoptosis in human melanoma cells forced to express
c-KIT. Their result conflicts with those of Okura’s in vivo study
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on melanoblasts of new born mice. Therefore, in this study,
we investigated whether blocking of the c-KIT/SCF interaction
induces apoptosis in c-KIT-positive melanocyte precursors in a
mouse NCC culture system. The occurrence of apoptosis after
both the removal of SCF and the addition of ACK2 was clearly
demonstrated immunohistochemically, morphologically, and
molecular biologically.
MATERIALS AND METHODS
Mice C57BL/6 mice purchased from Japan SLC (Shizuoka, Japan) were
used at 9.5 d post-coitum.
ACK2 We used the monoclonal anti-c-KIT antibody, ACK2, which is
not only a marker of c-KIT-positive cells but also a blocker of c-KIT
function in vivo. The antibody, created by Nishikawa et al, is rat aIgG2b.
NCC culture A modification of the NCC culture method of Ito and
Takeuchi (1984) was used. Eagle’s modified essential medium containing
15% fetal calf serum and 50 ng SCF (Kirin Brewery, Tokyo, Japan) per ml
was the basic standard medium in this study. At 9.5 d post-coitum, the
mice were sacrificed by cervical dislocation and we removed the mouse
embryos from the uteri. The dorsal trunk region posterior to the hind limb
buds was dissected using sharpened tungsten needles under a stereoscopic
microscope. Each trunk was individually treated with 1% trypsin (Difeo,
Detroit, MI, 1:250) in Tyrode solution [for 1 liter: NaCl, 8.00 g; KCl,
0.20 g; NaH2PO4H2O, 0.05 g; d-glucose, 1.00 g; CaC12, 0.20 g; MgC12
6H2O, 0.10 g; an adequate amount of penicillin-streptomycin (GIBCO,
Grand Island, NY), and finally NaHCO3, 1.00 g] for 20 min at 4°C.
Trypsinization was terminated by replacing the enzyme with a 10% solution
of fetal calf serum in Tyrode solution, and the tissue was then gently
pipetted with a small-pore Pasteur pipette to separate the neural tube from
other components of the trunk.
The neural tubes were then individually explanted to a tissue culture
plate (FALCON MULTIWELL 12Well Tissue Culture Plate, Becton
Dickinson, Lincoln Park, NJ) containing 1.0 ml basic standard medium
for the immunohistochemistry and DNA analysis, or a slide culture plate
(Lab-Tek 2 Well Chamber Slide, Nunc, Naperville, IL) containing 1.5 ml
basic standard medium for the electron microscopic examination.
These cultures were incubated at 37°C in a humidified atmosphere of
5%CO2 in air for up to 9 d. One-half of the culture medium was changed
every third day. The NCC outgrowth together with a neuroepithelial
sheet from the explanted neural tube were monitored morphologically
under a phase-contrast microscope (Olympus, Tokyo, Japan).
SCF removal and/or ACK2 addition After culturing the NCC for
7 d, we divided the specimens into five groups.
SCF group: the cells continued to be cultured with SCF.
SCF1/– group: only SCF was removed from the medium.
ACK2 group: 100 µg ACK2 per ml was added to the medium.
ACK29 group: SCF was removed and ACK2 was added.
IgG group: 100 µg normal rat IgG per ml was added for a negative
control model.
All specimens were then cultured for an additional day.
Immunohistochemistry For the detection of c-KIT-positive cells using
a streptavidin-biotin-peroxidase staining kit (Zymed Laboratories, San
Francisco, CA), we treated the cultures with diluted ACK2 (12.5 µg
per ml) as a primary antibody.
For the detection of apoptotic cells, 1 d after the removal and/or
addition of agents to the media, all cultures were stained with the Apop
Tag in situ apoptosis detection kit (Oncor, Gaithersburg, MD). The Apop
Tag kit is a modification of the TUNEL (Tdt-mediated d-UTP nick end
labeling) method that can detect DNA fragments caused by apoptosis.
All of the Apop Tag-positive cells on a neuroepithelial sheet around
each explant were counted. If the size and position of the positively stained
nuclear fragments suggested that they were remnants of a single cell, they
were recorded as one cell.
We also performed double staining in the ACK2 group by two staining
steps using two different substrates. Namely, the cultures were reacted with
ACK2 as a primary antibody and then were reacted with biotinated anti-
rat IgG as a secondary antibody. Next, apoptotic cells were labeled by the
Apop Tag kit, in which anti-digoxigenin antibody peroxidase conjugate is
used. Positive cells were shown as red (AEC labeling, SK-4200, Vector
Laboratories, Burlingame, CA). Then, biotinated c-KIT-positive cells were
reacted with strept-avidin-alkaline phosphatase and were colored in blue/
violet (BCIP/NBT labeling, SK-5400, Vector).
Electron microscopy On day 8, cell colonies of the ACK29 group
were fixed on a slide culture plate with 2% glutaraldehyde overnight at
4°C. After being washed in a buffer solution, the cells were post-fixed
with 1% OsO2 for 1 h on ice, washed in distilled water, dehydrated with
graded ethanol solutions, and then finally embedded in epoxy resin.
Ultrathin sections were double-stained with uranyl acetate and lead citrate,
and observed under an electron microscope (JEM-1200EX, JEOL, Tokyo).
DNA analysis Agarose gel electrophoresis (Apoptosis Ladder Detection
kit, Wako, Osaka, Japan) was used to detect internucleosomal DNA
cleavage in whole cells of the ACK29 group.
Statistical analysis Wilcoxon’s t test was used for statistical analysis.
RESULTS
c-KIT-positive cells appeared in the NCC cultures with
SCF To determine the SCF-dependency of cultured NCC, we
explanted and cultured individual neural tubes in the basic standard
medium or the medium without SCF. The cultures were immuno-
histochemically stained with ACK2 after 3–9 d of culture (Fig 1a).
The numbers of c-KIT-positive cells per well were counted under
a microscope. With SCF (basic standard medium), the number of
c-KIT positive cells increased from day 3–8 and peaked on day 8.
Without SCF, the number of c-KIT-positive cells found on day 3
subsequently decreased to zero (Fig 1b); i.e., there were no SCF-
independent cells when SCF was not added from culture start.
Therefore, we cultured NCC for 7 d and performed further 1 d
cultures with five different conditions as described in Materials
and Methods.
Concentration-dependent effects of ACK2 on the induction
of NCC apoptosis On day 7, NCC were cultured in various
concentrations of ACK2 (0, 0.1, 1, 10, and 100 µg per ml) and
the numbers of apoptotic cells were counted. Significantly more
apoptotic cells were induced by 100 µg ACK2 per ml compared
with the absence of ACK2 (Fig 1c); we therefore concluded that
the optimal dose of ACK2 for the detection of apoptosis was
100 µg per ml.
Apoptotic cells were increased by SCF removal and/or
ACK2 addition We counted the numbers of apoptotic cells of
mice in the following five groups, using Apop Tag kits: the SCF
group (Fig 2a), the SCF1/– group, the ACK2 group, the ACK29
group (Fig 2b), and the IgG group. Apoptotic cells were almost
equally distributed among dendritically shaped cells around the
neural tubes of mice in each group.
The mean number of Apop Tag-positive cells in the SCF group
was 80 6 14 (SD), whereas that in the SCF1/– group was
192 6 75, a significant difference (p , 0.005). The mean number
of Apop Tag-positive cells in the ACK2 group was 330 6 83, and
that in the ACK29 group was markedly increased to 425 6 60,
significantly larger compared with the SCF1/– group (p , 0.05);
however, there was no significant difference between the ACK2
and ACK29 groups. In addition, the mean number of Apop Tag-
positive cells in the IgG group, which received normal rat IgG
instead of ACK2 as a negative control for the ACK2 group, was
87 6 2, a value not significantly different from that of the SCF
group (Fig 3).
Apoptotic cells were c-KIT-positive In the ACK2 group, we
performed double staining with Apop Tag and c-KIT. We used
the Apop Tag kit to confirm whether the apoptotic cells are c-
KIT-positive. We first labeled apoptotic cells red by AEC (Fig 4a).
Subsequently, using the anti-c-KIT antibody (ACK2), we labeled
c-KIT-positive cells in the same specimens blue/violet by BCIP/
NBT (Fig 4b). The nuclei of apoptotic cells were stained red,
whereas the surroundings were stained blue/violet by double
staining. These staining results suggested that the apoptotic cells
were c-KIT-positive; however, there were about 1500 c-KIT
positive cells in each culture of NCC on day 7 (Fig 1b), and about
25% (200~400) of these underwent apoptosis after the removal of
SCF and/or the addition of ACK2 (Fig 3). Therefore, the
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Figure 1. Expression of c-KIT-positive cells and effect of ACK2
addition in NCC cultures. (a) c-KIT-positive cells were immuno-
histochemically stained with ACK2 after 7 d of culture with SCF. Scale
bar: 500 µm (NC, neural crest). (b) c-KIT-positive cells survived and
increased in number with SCF. The cells per well were counted under a
microscope. SCF1, with SCF (basic standard medium), c-KIT-positive
cells increased in number on day 3–8 and peaked on day 8 (n 5 6).
SCF–, without SCF, the c-KIT-positive cells found on day 3 soon decreased
in number to zero (n 5 6). (c) Concentration-dependent effects of ACK2
on the apoptosis of NCC. On day 7 various amounts of ACK2 were
added to NCC culture. On the next day (day 8), we counted the number
of apoptotic cells. Based on these results, we determined that the optimal
dose of ACK2 for the detection of apoptosis was 100 µg per ml. *p , 0.05,
n 5 4 for each concentration except 1 µg per ml (n 5 1).
Figure 2. Apoptotic cells around the neural tubes. Apoptotic cells
were detected as Apop Tag-positive nuclei and were almost equally
distributed among dendritically proliferated cells around the neural tubes
of mice in each group. Apoptotic cells were more frequently detected in
the SCF group (a) than in the ACK29 group (b). Scale bar: 200 µm.
Figure 3. Removal of SCF or addition of ACK2 increased the number
of apoptotic cells in the NCC culture (error bars, mean 6 SD). The
numbers of Apop Tag-positive cells in each explant were counted under
a microscope. The mean numbers of Apop Tag-positive cells were 80 6 14
(mean 6 SD) in the SCF group (n 5 5), 192 6 75 in the SCF1/– group
(n 5 6), 330 6 83 in the ACK2 group (n 5 5), 425 6 60 in the ACK29
group (n 5 5), and 87 6 2 in the IgG group (n 5 5). There was a
significant difference between the numbers in the SCF and SCF1/– groups
(p , 0.005). The numbers in the ACK2 and ACK29 groups were markedly
increased and significantly larger compared with those in the SCF and
SCF1/– groups (p , 0.05); however, there was no significant difference
between the ACK2 and ACK29 groups. The number in the IgG group
was not significantly different from that in the SCF group.
c-KIT-positive cells contained SCF/c-KIT-independent cells.
Moreover, considering that dying apoptotic cells wash off from the
plate easily and that the TUNEL test is positive only at the later
stages of apoptosis, the percentage of apoptotic cells may have been
higher than 25%. Therefore, there is a possibility that blocking the
SCF/c-KIT interaction induces a larger number of apoptotic cells.
Apoptotic cells were melanocyte precursors The electron
microscopy showed that the cell had a condensed nucleus with
homogeneous and compacted chromatin (Fig 5a). Scattered frag-
ments of condensed nuclei were also detected. These findings
are compatible with apoptosis. On higher magnification, many
premelanosomes in these apoptotic cells were observed (Fig 5b);
we thus confirmed that these apoptotic cells were melanocyte
precursors.
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Figure 4. c-KIT is expressed by
apoptotic cells. In the ACK2 group, we
performed a double staining with Apop
Tag and c-KIT. Using Apop Tag, we first
labeled apoptotic cells red by AEC (a, the
dark color indicates apoptotic cell’s nucleus,
examples are indicated by arrows).
Subsequently, we labeled c-KIT-positive
cells in the same specimens blue/violet by
BCIP/NBT (b, the darker color indicates
c-KIT positive cell’s membrane, examples
are indicated by arrows). The same cells are
apoptotic and c-KIT positive. Scale bar:
100 µm.
Figure 5. Apoptotic cells have
premelanosomes. Electron microscopy
showed that the apoptotic cells (→) had
condensed nuclei with homogeneous and
compacted chromatin, which are
characteristic findings of apoptosis (a). Scale
bar: 2 µm. On higher magnification, many
premelanosomes (→) are seen in these
apoptotic cells (b). Scale bar: 0.5 µm.
Apoptotic cells exhibited a ladder-like pattern of oligonu-
cleosome-sized DNA fragments We also analyzed genomic
DNA extracted from 10 neuroepithelial sheets around the explants
of the ACK29 group, in which the number of apoptotic cells was
the largest. DNA from the ACK29 group exhibited a ladder-like
pattern of oligonudeosome-sized DNA fragments characteristic of
apoptosis (Fig 6).
DISCUSSION
The mouse NCC culture system that we used in this study is
an appropriate experimental in vitro system for observing the
differentiation of melanocytes. The differentiation of c-KIT-positive
cells into tyrosinase-bearing dopa-positive melanocytes when SCF
was added to this culture system was confirmed previously.1
In our NCC culture system, c-KIT-positive melanocytes
increased in number with SCF and reached a plateau after 8 d of
culture (Fig 1b), and it was previously reported that the monoclonal
antibody ACK2 competitively inhibits the binding of SCF and
blocks the function of c-KIT (Ogawa et al, 1991; Nishikawa et al,
1Kawa Y, Kubota Y, Ono H, Takeuchi T, Mizoguchi M: Effects of stem
cell factor on melanocyte differentiation in neural crest cell culture. J Invest
Dermatol 104:664, 1995 (abstr.)
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Figure 6. Agarose gel electrophoresis of nuclear DNA extracted
from cultured neural crest cells. Agarose gel electrophoresis was used
to detect internucleosomal DNA cleavage in whole NCC. Lane 1, ladder
marker; lane 2, SCF group (negative control); lane 3, ACK29 group.
DNA from the ACK29 group (lane 3) exhibited a ladder-like pattern of
oligonucleosome-sized DNA fragments characteristic of apoptosis.
1991). Therefore, the removal of SCF or the addition of ACK2
in our NCC culture system is thought to be an appropriate in vitro
model for analyzing obstructions of the interactions between
SCF and c-KIT in SCF-dependent c-KIT-positive melanocyte
precursors, and we confirmed that the blocking of the SCF/c–KIT
interaction induces the apoptosis of these precursors.
Several methods have been developed to detect apoptosis. The
nick end labeling method of DNA fragments achieved by the
TUNEL method (Gaverieli et al, 1992), morphologic observations
under an electron microscope, and the gel electrophoresis of
genomic DNA (ladder-like patterns) are generally recognized and
adopted as diagnostic bases for apoptosis. Fragmentation occurs in
each unit of nucleosome in chromatin DNA during apoptosis. After
the cleaving of a large fragment of 50–200 kbp, oligonucleosome size
(µ180 bp) fragmentation occurs (Brown et al, 1993). Nick end-
labeling reveals many DNA termini generated by fragmentation
using immunohistochemical labeling. In the TUNEL method, the
39-OH termini of DNA are labeled by biotin-dUTP and terminal
deoxynucleotidyl transferase (TdT), whereas the Apop Tag-Kit
uses digoxygenin-dUTP and TdT to label the 39-OH termini of
DNA. The sensitivity of the Apop Tag-Kit using the nick end-
labeling method is almost the same as that of the TUNEL method
(Schmitz et al, 1991). Large DNA fragments generated in the initial
stage of apoptosis may not be detected by either method due to a
small number of DNA termini. In addition, pseudo-positive
apoptosis may be detected even in necrotic cells due to a random
fragmentation of DNA followed by labeling of the 39-OH termini
of DNA fragments in both methods. Moreover, careful attention
must be paid to the labeling of 39-OH termini of DNA in normal
cells due to restoration and duplication. We therefore surmised that
the positive cells we detected included not only apoptotic cells,
but also a small number of cells in mitotic and proliferative stages.
This may be a reason why a small number of positive cells was
detected in the SCF group; however, significant increases in positive
cells were observed in the SCF1/–, ACK2, and ACK29 groups in
comparison with the SCF group, and the increases in the three
groups were thought to be due to the occurrence of apoptosis
(Fig 3). The increase in apoptosis after the removal of SCF
(SCF1/– group) further rose significantly with the addition of
ACK2 (ACK2 and ACK29 groups), and this may be because ACK2
competitively inhibited the c-KIT receptors that can bind to a
small amount of intrinsic SCF secreted from the neuroepithelial
sheet of this culture system2 and to a small amount of soluble SCF
that may have been present in the fetal calf serum in the medium.
Subsequently, apoptosis in the ACK29 group was confirmed by
electron microscopy. Electron microscopy findings can be used to
decide whether cell death is due to apoptosis or necrosis. Kerr et al
(1972) first reported apoptosis based on pathologic investigations
by electron microscopy. They reported the electron microscopic
characteristics of apoptosis in vivo as follows: cell size reduction,
nuclear condensation, fragmentation of cells and nuclei without
losing the structures of cell organs (apoptotic bodies), and rapid
englobement of apoptotic bodies by macrophages, followed by an
absence of inflammatory reaction. In our study, many images of
cell size and nuclear condensation were observed (Fig 5). Thus,
the occurrence of apoptosis was confirmed. We observed many
fragments of condensed nuclei. It is possible that this was due to
absent phagocytosis in our neural tube expand cultures.
At present, the most reliable method of demonstrating apoptosis
is the gel electrophoresis of DNA, showing ladder-like patterns in
multiples of 180 bp. It was difficult to show this in our study,
because the number of apoptotic cells in our experimental system
is low; however, using the newly developed kit (the Apoptosis
Ladder Detection kit), apoptosis was demonstrated by the electro-
phoresis of DNA with ladder-like patterns in the ACK29 group
(Fig 6).
These results establish the occurrence of apoptosis in cultured
cells after the removal of SCF or the addition of ACK2 immuno-
histochemically, morphologically, and molecular biologically. The
double staining experiment showed that the apoptotic cells were
the c-KIT positive (Fig 4). Moreover, the presence of apoptotic cells
with premelanosomes was documented by the electron microscopic
study of the ACK29 group (Fig 5). This evidence supports the
conclusion that c-KIT positive melanocyte precursors underwent
apoptosis when the interaction of SCF with c-KIT was blocked.
Apoptosis may be induced in response to many stimuli, including
loss of growth factors, the action of cytokines, hormones, immune
system action, viral infection, tissue remodeling, adult tissue
homeostasis, and sublethal damage to the cells (Raskin, 1997).
Although SCF is a growth factor of c-KIT positive melanocyte
precursors, apoptosis was not induced in all cells by blocking the
effects of the growth factor, because the number of apoptotic cells
after the removal of SCF and/or the addition of ACK2 was only
20%–25% of the c-KIT-positive cells. Nishikawa et al (1991)
administered ACK2 to pregnant mice and Okura et al (1995) to
neonatal mice. They reported that hair whitening depended on
the time of ACK2 administration. Taken together, these data
suggest that some c-KIT-positive cells were SCF/c-KIT independ-
ent. Because many factors control differentiation and proliferation
of melanocytes, it is thought that there may be periods during
which SCF and c-KIT are indispensable to the survival of melano-
cytes. Two in vitro studies (Murphy et al, 1992; Steel et al, 1992)
have shown that SCF is a survival factor for melanocyte precursors.
We therefore surmise that the apoptosis observed in our experiments
was induced by blocking mainly the survival function of the c-KIT/
SCF interaction.
2Ono H, Kawa Y, Asano M, et al: The effects of SCF on the
development of cultured neural crest cells into melanocytes. Pigment Cell
Res 10:423, 1997 (abstr.)
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Iemura et al (1994) reported that mouse mast cells rapidly
undergo apoptosis after the withdrawal of SCF in vivo and in vitro,
and suggested that SCF can regulate the survival of the cellular
lineage that expresses c-KIT by suppressing apoptosis. They used
a 4 wk old population of bone marrow-derived cultured mouse
mast cells that had been generated in interleukin-3 (IL-3) containing
medium. The cells were incubated in medium containing SCF as
the only exogenous factor for 5 d and incubated for an additional
24 h with or without SCF. The cells’ genomic DNA exhibited
the ladder-like pattern typical of apoptosis in hours, and no
viable mast cells were detected at 24 h. In contrast, SCF/c-KIT-
independent cells were generated during the 7 d incubation with
SCF in our NCC culture system. They were c-KIT-positive but
survived after the removal of SCF and/or the addition of ACK2
without undergoing apoptosis. Several types of cells are known to
express c-KIT. The period of SCF-dependency, however, may differ
among them and further depend on species and maturational stage.
It has been speculated that defects in either SCF or c-KIT in
mice lead to pigmentary defects secondary to melanocyte apoptosis
(Raff, 1992). There is only one study that shows apoptosis in
melanocyte precursors in vivo using neonatal mice with ACK2
injection (Okura et al, 1995).
It was recently reported that SCF induced the apoptosis of a
highly metastatic melanoma cell line that was transfected by the
c-KIT gene. Although ingravescence is generally followed by
blastogenesis, in light of our results, it is of interest that the
transmission systems of SCF and c-KIT protect premature melano-
cytes from apoptosis, but also function in reverse causing the
apoptosis in melanoma cells (i.e., ingravescence of melanocytes).
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